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ABSTRACT
Objectives: Granulomatous invasive fungal sinusitis (GIFS) affects immunocompetent individuals. There is ongoing debate over 
whether surgery, antifungal medication, or a combined approach is the best treatment. This article summarizes reports about 
GIFS and its management.
Methods: Eight search engines, gray literature, and review articles were searched. Two independent reviewer groups screened the 
eligibility of articles. An independent reviewer solved disagreements. Exclusion criteria included non-English language reports, 
papers with unavailable full-texts, reviews, publications before 1980, and studies lacking information about GIFS management.
Results: Of the 279 identified articles, 41 studies were included (n = 89 patients). Sinonasal GIFS with skull-base/intracranial ex-
tension was associated with an increase in mortality (p = 0.002, OR = 14.083; 95% CI = 1.753–113.157). Treatment was associated 
with an 87.2% remission rate (p < 0.001, OR = 7.818; 95% CI = 4.502–13.576); a combined medical and surgical approach had a 
74.2% recovery rate. Of surgical interventions, the highest recovery rates were associated with endoscopic debulking (52.5%), ex-
tensive surgical debulking (32.5%), and open sinonasal approach (15%, p = 0.132). The utilization of voriconazole was associated 
with higher recovery rates, but this was not significant (76.9 vs. 56%, p = 0.548).
Conclusion: Sinonasal GIFS with skull-base/intracranial extension is associated with higher mortality rates. The superiority of 
the endoscopic debulking and voriconazole protocol in managing these cases warrants further investigation.
Level of Evidence: Level 4.

1   |   Introduction

Invasive fungal sinusitis (IFS) is a debated topic due to a lack of 
formal consensus on clinical classification, diagnostic criteria, 
and management approach. DeShazo et al. published diagnostic 
criteria that classify IFS according to clinical and histopatholog-
ical evidence into acute fulminant, chronic invasive, and granu-
lomatous invasive fungal sinusitis (GIFS) [1].

GIFS is also known as indolent fungal sinusitis [2–5]. Most 
cases arise in primarily dry climates such as Pakistan, India, 
Saudi Arabia, and China and less frequently in Western 
countries, indicating potential geographical, ethnic, or 
environment-related aspects [6–9]. GIFS typically presents 
with insidious sinus disease and proptosis, mainly in immu-
nocompetent patients [2, 10, 11]. In contrast to other types 
of IFS, Aspergillus flavus is the pathogen most exclusively 
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isolated in GIFS. It drives the formation of non-caseating 
granuloma with local tissue invasion [10, 11]. If not properly 
managed, it can extend to the dura and brain, leading to dev-
astating outcomes.

Most data on GIFS come from retrospective case reports or case 
series [12]. There is ongoing debate on the appropriate manage-
ment of these cases. It is unclear whether a surgical approach and/
or antifungal medication is the best treatment modality, due to 
the limited available evidence. The lack of standardized reporting 
further complicates the process of making evidence-based man-
agement decisions for GIFS cases. This systematic review aims to 
summarize published reports about GIFS and its management.

2   |   Materials and Methods

This systematic review was conducted in accordance with the 
PRISMA protocol [13]. An expert medical librarian searched 
PROSPERO, Medline, EMBASE, Cochrane Library, CINAHL, 
SCOPUS, ProQuest Dissertations, and Theses Global with the 
terms “chronic granulomatous,” “sinus,” and “fungus,” up until 
September 24, 2020 (Appendix 1). Gray literature and review ar-
ticles were also searched. A PICO table is included (Appendix 2).

2.1   |   Study Eligibility, Inclusion, and Exclusion 
Criteria

The screening was performed according to the DeShazo criteria 
classification of GIFS [1]. Two pairs of independent reviewers 
assessed the studies for eligibility. An independent reviewer 
resolved any disagreements. Studies published before 1980, 
reviews, non-English articles, and those with unavailable full 
texts were excluded.

2.2   |   Data Extraction and Quality Assessment

The same screening process was used to extract data from each 
paper. A preset form was used to extract the following data: 
demographics, immune status, comorbidities, disease exten-
sion, fungal species, radiological and histopathological find-
ings, medical treatment, surgical treatment, and outcomes. The 
Joanna Briggs Institute (JBI) critical appraisal checklist for case 
reports was used to assess the quality of studies [14].

2.3   |   Reporting of Results

GIFS disease extension was classified as a sinonasal disease, a 
sinonasal disease with orbital extension, or sinonasal disease 
with skull-base/intracranial extension (regardless of orbital in-
volvement). Notably, we grouped intracranial extension along 
with skull-base extension to overcome poor reporting of disease 
extension, lack of appropriate imaging, or poor imaging quality 
in the included studies, all of which obscure accurate identifica-
tion of disease extension.

Treatments were classified as medical, surgical, or combined 
intervention. Medical interventions were subclassified as 

voriconazole or other antifungal medication (including ampho-
tericin B, caspofungin, and others) [15]. Surgical interventions 
were subclassified as endoscopic sinonasal debulking, open sin-
onasal debulking, or extensive open debulking (i.e., exploration 
of orbital contents or cranial structures). Finally, outcomes were 
classified as recovery, death, or residual.

2.4   |   Statistical Analysis

Basic descriptive and inferential statistics were applied includ-
ing the chi-squared and Fisher's exact test, and odds ratios. 
Results were considered significant at p < 0.05.

3   |   Results

3.1   |   Identification of Eligible Studies and Cohort 
Characteristics

Of 279 relevant studies, 41 articles were eligible, as shown in 
the PRISMA flow chart (Figure 1). The final cohort is a total of 
89 patients, of which 54% were female (Table 1) [6, 12, 16–55]. 
The age at diagnosis was 41.8 ± 15.31 years. In the majority of 
patients, GIFS had extended to either the orbit (n = 25) or skull-
base/intracranial structures (n = 49). Patients received combined 
treatment (74.2%), medical (13.5%), or surgical intervention (9%). 
Fifty-one out of 89 patients recovered.

3.2   |   Does Disease Extension Impact the Outcome?

The mortality rate was approximately 14 times higher in skull-
base/intracranial extension (26.5%) compared to those without 
such extension (2.5%) (p = 0.002, OR = 14.083; 95% CI = 1.753–
113.157) (Table  2). Furthermore, the mortality rate for purely 
sinonasal disease was 6.7% versus zero mortality in sinonasal 
with orbital extension (p = 0.191). The extension of GIFS is, 
therefore, associated with higher mortality (p = 0.007).

3.3   |   Should These Patients Receive an 
Intervention?

Morality was prevented in 87.2% of treated patients, whereas 
all three patients who did not receive any intervention died 
(p < 0.001, OR = 7.818, 95% CI = 4.502–13.576). For skull-base/
intracranial extension in particular, treated patients had a lower 
mortality rate than untreated patients (p = 0.016, OR = 4.273; 
95% CI = 2.547–7.167).

3.4   |   Which Intervention Results in Better 
Outcomes?

Recovery rates for combined medical and surgical interventions 
were 60.6%, 58.3%, and 50%, respectively (p = 0.930). In the com-
bined intervention group, endoscopic sinonasal debulking, open 
sinonasal debulking, and extensive open surgery had treatment 
success rates of 52.5%, 15%, and 32.5%, respectively (p = 0.132); 
the recovery rate was nonsignificantly higher among skull-base/
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intracranial extension patients who were managed with exten-
sive surgery (63.2%). Voriconazole had a higher recovery rate of 
76.9% versus 56% for other antifungal treatments, but this was 
not statistically significant (p = 0.548), as shown in Table  3. 
Moreover, a combined intervention was especially beneficial in 
those with sinonasal disease extending to the orbits, with a re-
covery rate of 77.8%.

4   |   Discussion

This review describes the current management of GIFS as re-
ported in peer-reviewed studies. GIFS is a chronically indolent 
form of IFS that requires prompt diagnosis and intervention 
before significant morbidity or mortality ensues. This review 
revealed three cases where patients died without receiving any 

intervention [16, 25, 36]. This might be explained by late presen-
tation with extensive disease and/or death before intervention. 
In 87.2% of cases, mortality was prevented by any intervention, 
regardless of its type (medical, surgical, or combined).

Extension of GIFS beyond the sinonasal aspect increases the 
mortality risk. The mortality rate in sinonasal disease with 
skull-base/intracranial extension (26.5%) was higher than in 
those with only sinonasal disease (6.7%) or sinonasal with or-
bital extension (0%). In the single case of death with sinonasal 
disease, mortality was due to systemic illness rather than GIFS. 
This outcome was attributed to misdiagnosis at presentation 
and iatrogenic immunosuppression. The mortality risk asso-
ciated with sinonasal disease is, hence, lower than that of sin-
onasal disease extending to the orbit or skull-base/intracranial 
structures.

FIGURE 1    |    PRISMA diagram detailing the article selection process for further evaluation and inclusion.
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Fungal sinusitis is a clinically diverse entity. Fulminant invasive 
sinusitis has rapid progression to vital structures. Aggressive 
medical and surgical approaches are the treatment of choice 
for this condition [56]. GIFS, on the other hand, is indolent in 
nature and occurs mainly in immunocompetent people. There 
is an ongoing debate on which intervention is best for GIFS, 
whether the intervention should be tailored based on the pres-
ence of extra-sinus extension, and whether an aggressive or 
minimal intervention approach is optimal. The data included in 
this review reveals that combined medical and surgical manage-
ment shows a higher success rate than either modality alone. 

GIFS has traditionally been managed with extensive open sur-
gery and antifungal medications [17, 23]. This review found that 
this approach has no outcome benefit over endoscopic sinonasal 
debulking with antifungal medication and, in fact, has a lower 
success and higher mortality rate. Therefore, a recommendation 
of minimal surgical techniques, such as endoscopic sinonasal 
debulking, is supported to promote an increased recovery rate 
and decrease the risk of complications that follow extensive 
open surgery.

The use of amphotericin B carries a high risk of renal complica-
tions and has a lower recovery rate than voriconazole [57, 58]. 
Patterson et al. and Herbrecht et al. found that patients with in-
vasive aspergillosis who received voriconazole alone responded 
well and had better outcomes compared to those receiving am-
photericin B with or without additional antifungal medications 
(hazard ratio of 59%; 95% CI = 0.40–0.88) [57]. In addition to the 
significant risk of renal impairment, amphotericin B was asso-
ciated with a higher rate of hypokalemia and systemic events 
such as fever, chills, or anaphylaxis [57]. On the other hand, 
voriconazole has been found to be associated with self-limiting 
hallucinations and visual disturbances, but not to a significant 
degree [57]. Unlike amphotericin B, voriconazole can be given 
orally, reducing the need for hospitalization [35]. However, a 
major drawback of voriconazole is that it costs more than am-
photericin B; this is notable as most cases arise in developing 
countries. Overall, voriconazole could be recommended as a 
first-line antifungal for the treatment of GIFS, considering its 
benefits and drawbacks, based on our preliminary evidence and 
the international clinical practice guidelines established by the 
Infectious Diseases Society of America [58].

This systematic review has some limitations. Only 89 relevant 
cases of GIFS could be included, which could be attributed to 
the rarity of the disease or underreporting. The cited cases are 
extracted solely from retrospective studies and case series, as 
these are the only available reports in the literature. The find-
ings of this review need to be validated in a more targeted and 
organized study to help establish a management protocol for this 
serious disease.

In conclusion, GIFS with skull-base/intracranial extension is 
associated with an increased risk of mortality. Higher quality 
research is needed to better evaluate the efficacy of different in-
terventions for GIFS.

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. R. D. DeShazo, M. O'Brien, K. Chapin, M. Soto-Aguilar, L. Gardner, 
and R. Swain, “A New Classification and Diagnostic Criteria for Inva-
sive Fungal Sinusitis,” Archives of Otolaryngology—Head & Neck Sur-
gery 123, no. 11 (1997): 1181–1188.

TABLE 1    |    Demographic characteristics.

Cases N = 89

Gender

M 41 (46.1%)

F 48 (53.9%)

Age (mean ± SD) 41.8 ± 15.31

Immunocompetent 82 (92.1%)

DM 7 (7.9%)

Sinonasal disease 15 (16.9%)

Sinonasal with orbital extension 25 (28.1%)

Sinonasal with skull-base/
intracranial ± orbital extension

49 (55.1%)

Pterygopalatine fossa extension 12 (13.5%)

Infratemporal fossa extension 7 (7.9%)

Cheek extension 2 (2.2%)

Palate extension 1 (1.2%)

Received intervention (medical, surgical, or 
combined)

83 (96.6%)

Medical 12 (13.5%)

Surgical 8 (9%)

Combined 66 (74.2%)

Surgical intervention

Endoscopic debulking 35 (39.3%)

Open approach 13 (14.6%)

Extensive 26 (29.2%)

Medical intervention

Voriconazole 14 (15.7%)

Other antifungal medication 64 (71.9%)

Outcomes

Cured 51 (57.3%)

Residual 24 (27%)

Death 14 (15.7%)

Abbreviations: DM, diabetes mellitus; F, female; M, male; SD, standard 
deviation.



5 of 6

2. B. Miloshev, C. Davidson, J. Gentles, and A. Sandison, “Aspergilloma 
of Paranasal Sinuses and Orbit in Northern Sudanese,” Lancet 287, no. 
7440 (1966): 746–747.

3. C. Milroy, J. Blanshard, S. Lucas, and L. Michaels, “Aspergillosis of 
the Nose and Paranasal Sinuses,” Journal of Clinical Pathology 42, no. 
2 (1989): 123–127.

4. A. Sandison, J. Gentles, C. Davidson, and M. Branko, “Aspergilloma 
of Paranasal Sinuses and Orbit in Northern Sudanese,” Sabouraudia 6, 
no. 1 (1968): 57–69.

5. B. Veress, O. A. Malik, A. A. El Tayeb, S. El Daoud, E. S. Mahgoub, 
and A. M. El Hassan, “Further Observations on the Primary Parana-
sal Aspergillus Granuloma in the Sudan: A Morphological Study of 46 
Cases,” American Journal of Tropical Medicine and Hygiene 22, no. 6 
(1973): 765–772.

6. I. Alarifi, S. Alsaleh, S. Alqaryan, et al., “Chronic Granulomatous In-
vasive Fungal Sinusitis: A Case Series and Literature Review,” Ear, Nose 
& Throat Journal 100 (2021): 720S–727S.

7. A. Chakrabarti, S. M. Rudramurthy, N. Panda, A. Das, and A. Singh, 
“Epidemiology of Chronic Fungal Rhinosinusitis in Rural India,” Myco-
ses 58, no. 5 (2015): 294–302.

8. S. Hussain, N. Salahuddin, I. Ahmad, I. Salahuddin, and R. Jooma, 
“Rhinocerebral Invasive Mycosis: Occurence in Immunocompetent 
Individuals,” European Journal of Radiology 20, no. 2 (1995): 151–155.

9. L.-H. Zhou, X. Wang, R.-Y. Wang, et  al., “Entities of Chronic and 
Granulomatous Invasive Fungal Rhinosinusitis: Separate or Not?,” 
Open Forum Infectious Diseases 5, no. 10 (2018): ofy228.

10. A. Chakrabarti, D. W. Denning, B. J. Ferguson, et al., “Fungal Rhi-
nosinusitis: A Categorization and Definitional schema Addressing Cur-
rent Controversies,” Laryngoscope 119, no. 9 (2009): 1809–1818.

11. R. D. DeShazo, “Syndromes of Invasive Fungal Sinusitis,” Medical 
Mycology 47, no. Supplement_1 (2009): S309–S314.

12. N. Y. Busaba, D. G. Colden, W. C. Faquin, and S. D. Salman, “Chronic 
Invasive Fungal Sinusitis: A Report of Two Atypical Cases,” Ear, Nose, 
and Throat Journal 81, no. 7 (2002): 462–466.

13. A. Liberati, D. G. Altman, J. Tetzlaff, et al., “The PRISMA Statement 
for Reporting Systematic Reviews and meta-Analyses of Studies That 
Evaluate Healthcare Interventions: Explanation and Elaboration,” BMJ 
339 (2009): b2700.

14. S. Moola, Z. Munn, C. Tufanaru, et al., “Chapter 7: Systematic Re-
views of Etiology and Risk,” in Joanna Briggs Institute Reviewer's Man-
ual the Joanna Briggs Institute, vol. 5, eds. E. Aromataris and Z. Munn 
(Adelaide, Australia: Joanna Briggs Institute, 2017), 217–269.

15. T. F. Patterson, G. R. Thompson, III, D. W. Denning, et al., “Practice 
Guidelines for the Diagnosis and Management of Aspergillosis: 2016 
Update by the Infectious Diseases Society of America,” Clinical Infec-
tious Diseases 63, no. 4 (2016): e1–e60.

16. S. S. Chavan, K. Bhople, S. D. Deshmukh, P. V. Jain, and M. Sona-
vani, “Chronic Invasive Fungal Granuloma—A Diagnostic Dilemma in 

an Immunocompetent Host,” Iranian Journal of Otorhinolaryngology 
28, no. 84 (2016): 83–88.

17. S. P. Stringer and M. W. Ryan, “Chronic Invasive Fungal Rhinosinus-
itis,” Otolaryngologic Clinics of North America 33, no. 2 (2000): 375–387.

18. T. H. Kim, H. U. Jang, Y. Y. Jung, and J. S. Kim, “Granulomatous In-
vasive Fungal Rhinosinusitis Extending Into the Pterygopalatine fossa 
and Orbital Floor: A Case Report,” Medical Mycology Case Reports 1, no. 
1 (2012): 107–111.

19. N. K. Panda, K. Saravanan, and A. Chakrabarti, “Combination An-
tifungal Therapy for Invasive Aspergillosis: Can It Replace High-Risk 
Surgery at the Skull Base?,” American Journal of Otolaryngology 29, no. 
1 (2008): 24–30.

20. J. C. Tyson, P. D. Gittelman, J. B. Jacobs, R. Holliday, and R. Press, 
“Recurrent Mucormycosis of the Paranasal Sinuses in an Immunolog-
ically Competent Host,” Otolaryngology—Head and Neck Surgery 107, 
no. 1 (1992): 115–119.

21. N. Makhdoom, K. Balkheur, M. A. Foda, et  al., “Fungal Sinusitis 
With Intracranial Extension in Immuno-Competent Patients: Surgical 
Planning According to Relation to Eloquent Neurovascular Structures,” 
Journal of Taibah University Medical Sciences 3, no. 1 (2008): 33–43.

22. M. Streppel, G. Bachmann, M. Damm, G. Arnold, and E. Stennert, 
“Successful Treatment of an Invasive Aspergillosis of the Skull Base and 
Paranasal Sinuses With Liposomal Amphotericin B and Itraconazole,” 
Annals of Otology, Rhinology and Laryngology 108, no. 2 (1999): 205–207.

23. S. A. Gumaa, E. Mahgoub, and R. Hay, “Post-Operative Responses of 
Paranasal Aspergillus Granuloma to Itraconazole,” Transactions of the 
Royal Society of Tropical Medicine and Hygiene 86, no. 1 (1992): 93–94.

24. C. Sundaram, A. Mahadevan, V. Laxmi, et al., “Cerebral zygomyco-
sis,” Mycoses 48, no. 6 (2005): 396–407.

TABLE 2    |    Association between presence of extension and outcome in CGIFS.

Skull-base/intracranial extension Death (%) p Odds ratio 95% Confidence interval

No 1 (2.5) 0.002* 14.083 1.753–113.157

Yes 13 (26.5)

Extension Death (%) p Odds ratio 95% Confidence interval

Sinonasal disease 1 (6.7) 0.191 0.933 0.815–1.069

Sinonasal with orbital extension 0

*Bolded value indicates statistically significant results (p < 0.05).

TABLE 3    |    Relationship between outcome, surgery, and medical 
treatment.

Surgical 
intervention

Outcome (%)

pCured Residual Death

Endoscopic 21 (52.5) 8 (47.1) 3 (33.3) 0.132

Open 6 (15) 5 (29.4) 0

Extensive 13 (32.5) 4 (23.5) 6 (66.7)

Medical 
treatment

Outcome (%)

pCured Residual Death

Voriconazole 10 (76.9) 2 (15.4) 1 (7.7) 0.548

Other antifungal 
medication

28 (56) 14 (28) 8 (16)

Note: p < 0.05 indicates statistically significant results (p < 0.05).



6 of 6 Laryngoscope Investigative Otolaryngology, 2025

25. N. Corvisier, F. Gray, R. Gherardi, et al., “Aspergillosis of Ethmoid 
Sinus and Optic Nerve, With Arteritis and Rupture of the Internal Ca-
rotid Artery,” Surgical Neurology 28, no. 4 (1987): 311–315.

26. S. L. Maskin, R. J. Fetchick, C. R. Leone, P. K. Sharkey, and M. G. Ri-
naldi, “Bipolaris hawaiiensis-Caused Phaeohyphomycotic Orbitopathy: 
A Devastating Fungal Sinusitis in an Apparently Immunocompetent 
Host,” Ophthalmology 96, no. 2 (1989): 175–179.

27. M. A. Morgan, W. R. Wilson, H. B. Neel, III, and G. D. Roberts, 
“Fungal Sinusitis in Healthy and Immunocompromised Individuals,” 
American Journal of Clinical Pathology 82, no. 5 (1984): 597–601.

28. T. C. Spoor, W. C. Hartel, S. Harding, and G. Kocher, “Aspergillosis 
Presenting as a Corticosteroid-Responsive Optic Neuropathy,” Journal 
of Clinical Neuro-Ophthalmology 2, no. 2 (1982): 103–107.

29. R. G. Washburn, D. W. Kennedy, M. G. Begley, D. K. Henderson, and 
J. E. Bennett, “Chronic Fungal Sinusitis in Apparently Normal Hosts,” 
Medicine 67, no. 4 (1988): 231–247.

30. R. Jariwal, A. Heidari, A. Sandhu, et al., “Granulomatous Invasive 
Aspergillus flavus Infection Involving the Nasal Sinuses and Brain,” 
Journal of Investigative Medicine High Impact Case Reports 6 (2018): 
2324709618770473.

31. W. Rae, R. Doffinger, F. Shelton, et al., “A Novel Insight Into the Im-
munologic Basis of Chronic Granulomatous Invasive Fungal Rhinosi-
nusitis,” Allergy & Rhinology 7, no. 2 (2016): e102–e106.

32. G. de Martin Truzzi, H. F. Pauna, I. M. Hazboun, et  al., “Slowly 
Progressive Invasive Rhino-Orbito-Cerebral Aspergillosis: Case Report 
and Literature Review,” Clinical Case Reports 5, no. 3 (2017): 218–224.

33. D. Sharma, N. Mahajan, S. Rao, N. Khurana, and S. Jain, “Invasive 
Maxillary Aspergillosis Masquerading as Malignancy in Two Cases: 
Utility of Cytology as a Rapid Diagnostic Tool,” Journal of Cytology 29, 
no. 3 (2012): 194–196.

34. X. Dufour, C. Kauffmann-Lacroix, F. Roblot, et al., “Chronic Inva-
sive Fungal Rhinosinusitis: Two New Cases and Review of the Litera-
ture,” American Journal of Rhinology 18, no. 4 (2004): 221–226.

35. M. Karim, M. Alam, A. Shah, R. Ahmed, and H. Sheikh, “Chronic 
Invasive Aspergillosis in Apparently Immunocompetent Hosts,” Clini-
cal Infectious Diseases 24, no. 4 (1997): 723–733.

36. J. Lowe and J. Bradley, “Cerebral and Orbital Aspergillus Infection 
due to Invasive Aspergillosis of Ethmoid Sinus,” Journal of Clinical Pa-
thology 39, no. 7 (1986): 774–778.

37. N. Panda, P. Balaji, A. Chakrabarti, S. Sharma, and C. Reddy, “Pa-
ranasal Sinus Aspergillosis: Its Categorization to Develop a Treatment 
Protocol,” Mycoses 47, no. 7 (2004): 277–283.

38. M. A. Shugar, W. W. Montgomery, and N. E. Hyslop, “Alternaria Si-
nusitis,” Annals of Otology, Rhinology and Laryngology 90, no. 3 (1981): 
251–254.

39. A. Coulthard, A. Gholkar, and R. Sengupta, “Case Report: frontal 
Aspergilloma—A Complication of Paranasal Aspergillosis,” Clinical 
Radiology 44, no. 6 (1991): 425–427.

40. E. Dawlatly, J. Anim, S. Sowayan, and A. El-Hassan, “Primary Para-
nasal Aspergillus Granuloma in Saudi Arabia,” Tropical and Geograph-
ical Medicine 40, no. 3 (1988): 247–250.

41. S. A. Bohlega, “Clinical Approach to Ophthalmoplegia in Renal 
Transplant Recipients Differential Diagnosis and Case Illustration,” 
Saudi Journal of Kidney Diseases and Transplantation 9, no. 1 (1998): 
27–32.

42. M. Kameswaran, A. Al-Wadei, P. Khurana, and B. Okafor, “Rhinoc-
erebral aspergillosis,” Journal of Laryngology and Otology 106, no. 11 
(1992): 981–985.

43. R. Naim Ur, A. Jamjoom, S. S. A. Al-Hedaithy, Z. A. B. Jamjoom, M. 
O. Al-Sohaibani, and S. A. Aziz, “Cranial and Intracranial Aspergillosis 
of Sino-Nasal Origin,” Acta Neurochirurgica 138, no. 8 (1996): 944–950.

44. L. Edelmayer, C. Ito, W. S. Lee, J. Kimbrough, S. E. Kountakis, and 
J. K. Byrd, “Conversion to Chronic Invasive Fungal Sinusitis From Al-
lergic Fungal Sinusitis in Immunocompetence,” Laryngoscope 129, no. 
11 (2019): 2447–2450.

45. H. J. Gu, Y. J. Kim, H. J. Lee, et al., “Invasive Fungal Sinusitis by 
Lasiodiplodia theobromae in an Patient With Aplastic Anemia: An Ex-
tremely Rare Case Report and Literature Review,” Mycopathologia 181, 
no. 11–12 (2016): 901–908.

46. A. Halderman, R. Shrestha, and R. Sindwani, “Chronic Granuloma-
tous Invasive Fungal Sinusitis: An Evolving Approach to Management,” 
International Forum of Allergy & Rhinology 4, no. 4 (2014): 280–283.

47. V. Rupa and M. Thomas, “Different Types of Fungal Sinusitis Oc-
curring Concurrently: Implications for Therapy,” European Archives of 
Oto-Rhino-Laryngology 270, no. 2 (2013): 603–608.

48. K. Vinay, G. Khullar, S. Yadav, et al., “Granulomatous Invasive As-
pergillosis of Paranasal Sinuses Masquerading as Actinomycosis and 
Review of Published Literature,” Mycopathologia 177, no. 3–4 (2014): 
179–185.

49. R. Bansal, A. Takkar, V. Lal, A. Bal, and S. Bansal, “Chronic Inva-
sive Fungal Sinusitis Presenting as Inferior Altitudinal Visual Field De-
fect,” Neuroophthalmology 41, no. 3 (2017): 144–148.

50. J. Currens, P. S. Hutcheson, R. G. Slavin, and M. J. Citardi, “Primary 
Paranasal Aspergillus Granuloma: Case Report and Review of the Liter-
ature,” American Journal of Rhinology 16, no. 3 (2002): 165–168.

51. S. S. Bakshi and R. Urs, “Granulomatous Invasive Fungal Sinusitis,” 
Tzu Chi Medical Journal 32, no. 1 (2019): 96.

52. L.-B. Dai, H. Yang, B. Xu, et al., “Primary Cryptococcosis of Parana-
sal Sinus in Immunocompetent Patient: Two Case Reports and Review 
of Literature,” International Journal of Clinical and Experimental Medi-
cine 10, no. 1 (2017): 1339–1344.

53. S. El-Shoura, “Ultrastructural Interaction Between Multinucleate 
Giant Cells and the Fungus in Aspergillomas of Human Paranasal Si-
nuses,” Virchows Archiv B 64, no. 1 (1993): 395–400.

54. A. Ikram, W. Hussain, M. L. Satti, and M. A. Wiqar, “Invasive In-
fection in a Young Immunocompetent Soldier Caused by Scytalidium 
Dimidiatum,” Journal of the College of Physicians and Surgeons–Paki-
stan 19, no. 1 (2009): 64–66.

55. P. Roy, S. Chanda, S. Gupta, and A. Aggarwal, “Orbital Proptosis in 
a Young Immunocompetent Female Patient,” Medical Journal, Armed 
Forces India 71, no. 4 (2015): 389–392.

56. M. Fung, J. Babik, I. M. Humphreys, and G. E. Davis, “Diagnosis 
and Treatment of Acute Invasive Fungal Sinusitis in Cancer and Trans-
plant Patients,” Current Infectious Disease Reports 21 (2019): 53.

57. R. Herbrecht, D. W. Denning, T. F. Patterson, et al., “Voriconazole 
Versus Amphotericin B for Primary Therapy of Invasive Aspergillosis,” 
New England Journal of Medicine 347, no. 6 (2002): 408–415.

58. T. F. Patterson, H. W. Boucher, R. Herbrecht, et  al., “Strategy of 
Following Voriconazole Versus Amphotericin B Therapy With Other 
Licensed Antifungal Therapy for Primary Treatment of Invasive As-
pergillosis: Impact of Other Therapies on Outcome,” Clinical Infectious 
Diseases 41, no. 10 (2005): 1448–1452.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.


	Systematic Review of Granulomatous Invasive Fungal Sinusitis Management
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Eligibility, Inclusion, and Exclusion Criteria
	2.2   |   Data Extraction and Quality Assessment
	2.3   |   Reporting of Results
	2.4   |   Statistical Analysis

	3   |   Results
	3.1   |   Identification of Eligible Studies and Cohort Characteristics
	3.2   |   Does Disease Extension Impact the Outcome?
	3.3   |   Should These Patients Receive an Intervention?
	3.4   |   Which Intervention Results in Better Outcomes?

	4   |   Discussion
	Ethics Statement
	Conflicts of Interest
	References


